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56a Sunday, February 26, 2012these solutes is consistent with an osmotic stress effect, i.e., with their effect on
the chemical potential of water modulating the equilibrium between folded and
unfolded states via protein differential hydration. Moreover, the free energy of
protein folding depends on solute size. We show that the apparent difference in
hydration between molten globule and unfolded states of apo-Mb increases lin-
early with increasing solute sizes, while the free energy change of protein hy-
dration upon folding decreases with the inverse of molar solute apparent
volume.We have analyzed these size effects considering the contribution of ex-
cluded volume interactions to protein folding via Monte Carlo simulations of
a self-avoiding walk chain in a cubic lattice with hardcore solutes. It is shown
that solute-chain self-avoiding interaction decrease the conformational entropy
of the chain in proportion to its square radius of gyration, and to the solute vol-
ume fraction occupied by the solute. The computational results translate into
a difference in the chemical potential between folded and unfolded protein
states that remarkably predicts the experimental influence of solute sizes and
water chemical potential on the free energy change of apo-Mb refolding in-
duced by osmolytes. Thus, this work may stablish a quantitative link between
protein hydration and protein excluded-volume interactions and their effect on
the energetic of protein folding.
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Maltose binding protein (MBP) from E. coliwas shown to bind maltose even in
its molten globule state, although with substantially reduced affinity. The native
protein of which the X-ray structure is known, is devoid of cysteines. Seven dif-
ferent mutants with two cysteines each were labeled with the MTS-SL. Dis-
tances from the active site as derived from the X-ray structure vary from 14
to 31 A˚. DEER measurements have so far shown very good agreement between
the X-ray data and the native structure. Here we compare distances in the native
protein with those in the molten globule state.
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Local unfolding of collagen at physiologic temperatures is thought to facilitate
interactions with enzymes and scaffold molecules during inflammation, tissue
remodeling, and wound healing. Previous data showing high interstitial hydra-
tion potential (HP) in human and porcine dermis after collagen thermal unfold-
ing and fibroblast death suggest that it also plays a role in local modulation of
interstitial flows. To test this hypothesis, collagen was progressively unfolded
in situ, and changes in HP and water influx-rate within the matrix were
measured as a function of the extent of unfolding, which was quantified by dif-
ferential scanning calorimetry in full-thickness dermal samples after timed
heat-treatment at 60C and equilibration at 4C. HP was determined by os-
motic stress techniques, and influx-rates from time-dependent gravimetric
changes under 35mmHg osmotic counterpressure. Both increased linearly
with the proportion of unfolded collagen: the HP by 1.08 5 0.16 mmHg,
and the influx-rate by 3.195 0.39 ml/min /100g per each 1% of collagen un-
folded (R2= 0.93 and 0. 95, respectively). The relative humidity and intensity
of T2-weighed magnetic resonance images of the dermis also increased with
the extent of collagen unfolding, confirming interfacial energy contributions
to the HP - as predicted by the Kelvin relationship - and the expected hydropho-
bic nature of the newly formed protein/water interfaces, respectively. These re-
sults are fully consistent with the hypothesis and point to yet another potentially
important function of local collagen unfolding in tissue homeostasis. As a plau-
sible mechanism for HP and influx-rate increases with collagen unfolding, we
propose that the surface tension of vapor/water interfaces under exposed hydro-
phobic clusters is higher than at hydrophilic interfaces; at nanometer scales,
these differences generate local surface-tension gradients in the matrix that
accelerate water influx and shift the HP.
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Protein folding kinetics is known to be non-Arrhenius temperature dependent.
We use Fast Relaxation Imaging (FReI) to measure stability and folding kinet-
ics of FRET-labeled destabilized phosphoglycerate kinase (PGK). With modu-
lated heating laser, we are able to measure the thermodynamics of PGK rapidly
across the midpoint of transition of protein unfolding to minimize baseline
shifts coming from photobleaching and protein aggregation.We have measured PGK folding kinetics from 295K to 320K both in vitro and
in vivo. Kinetics of PGK as mutiplestate folder can be fitted to stretched expo-
nential. Folding rate and folding mechanism of PGK are correlated and both are
strongly dependent on temperature, which can be explained by solvent viscos-
ity and hydrophobic interactions.
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Prouroguanylin is a precursor of uroguanylin. The mature form of uroguanylin
contains intra-molecular disulfide bonds (Cys74-Cys82 and Cys77-Cys85). The
propeptide region functions as an intra-molecular chaperone in the formation of
the native conformation and the disulfide pairings of uroguanylin. To elucidate
the mechanism of the propeptide-mediated folding, the pathway associated
with the disulfide-coupled folding of prouroguanylin was examined in detail.
Prouroguanylin, when prepared using an E. coli expression system, was ob-
tained as an inclusion body. Therefore, it was purified as a reduced/denatured
protein by reversed-phase HPLC after solubilization in urea. The folding reac-
tion was carried out 0.1 M Tris/HCl (pH 8.0) at various concentrations of glu-
tathione in the presence and absence of protein disulfide isomerase which
catalyzes the disulfide exchange reaction.
Kinetic analyses of the oxidative folding revealed that two types of intermedi-
ates containing mis-bridged disulfide bonds (namely, isomers 1 and 2 in which
the disulfide bonds were between Cys74-Cys85 and Cys77-Cys82 and Cys74-
Cys77 and Cys82-Cys85 in the mature region, respectively) are predominantly
included in the folding. However, only one type of intermediate containing mis-
disulfide bonds, isomer 2, was able to proceed to the native conformation of
prouroguanylin, regardless of the presence of protein disulfide isomerase.
The results of these experiments will be discussed in this presentation.
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Uroguanylin is maturated via the processing of a precursor protein, prourogua-
nylin. The pro-peptide region of the precursor protein of uroguanylin regulates
the formation of the native structure of uroguanylin, by serving as an intra-
molecular chaperone. To estimate the role of the individual amino acid residues
of the pro-peptide region in chaperon function, we previously prepared Gly or
Ala mutants and the folding of the mutant proteins were examined. The results
revealed that, except for Cys residues, only the Leu66 residue critically affected
the folding of the mature region, uroguanylin. To further investigate the role of
the Leu66 residue in the folding of uroguanylin, it was mutated to several dif-
ferent amino acid residues, such as Gly, Ala, Val, and Ile.
The cDNA’s encoding the mutant proteins were amplified by polymerase chain
reaction and inserted into pET17b vector. The mutant proteins were expressed
using the T7-promoter expression system in E. coli BL21(DE3) cells. The mu-
tant proteins were obtained as inclusion bodies and solubilized in 0.1 M Tris/
HCl (pH 8.0) containing 8 M urea and dithiothreitol. The reduced forms of
the mutant proteins were purified by reversed-phase high performance liquid
chromatography (HPLC) and identified by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry analyses.
The oxidative folding of the mutant proteins was carried out in the presence
of reduced and oxidized forms of glutathione and the progress monitored by
HPLC.
The results of these experiments will be discussed in this paper.
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Evaluating a Key Player in Acute Heart Failure: Interaction Surfaces
and Structural Details of Interleukin-33
Kaitlin Fisher.
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The newest member of the Interleukin-1 family of proteins is IL-33. IL-33 was
recently discovered in 2005 and since then has been identified as a key partic-
ipant in immune and inflammatory responses through association with the IL-1
receptor family member ST2. However, the structural homology between IL33
and other members of the interleukin family are low- presenting unique se-
quence identity, unique receptor interactions, and potentially unique signaling
mechanisms associated with its activity. The current, limited understanding of
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leukin proteins (such as IL1b), Interleukin-33 has a distinct beta-trefoil fold
with unique intermolecular waters that serve to stabilize the fold and facilitate
proper signaling in addition to potentially aiding in the secretion across cell
membranes. We believe that the presence of water plays a role in the transmis-
sion of information across the fold and that perturbation of this network may
affect signaling potency. Previous work done on similar beta-trefoil motif pro-
teins (IL-1b, IL1Ra) shows that hydrogen-bonding networks established by
intra-molecular water are critical for the stability of the fold, but are also
able to influence the signaling potency of the protein. Given interleukin-33’s
role in heart protection, it is important to understand more fully the influence
that structure has on its ability to signal effectively. The hydrogen-bonding net-
work is critical in the thermodynamic stability of the protein fold and that this
stability has an important role in the kinetics of signaling across the protein
upon receptor binding.
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Protein self-association and protein unfolding are two temperature-dependent
processes whose understanding is of utmost importance for the development
of biological pharmaceuticals since protein association may stabilize or desta-
bilize protein structure and function. We present new theoretical and experi-
mental methods to analyze the interrelation between self-association and
unfolding. We introduce isothermal dilution calorimetry as a new method to
quantify protein self-association. Using binding partition functions we present
thermodynamic expressions to describe cooperative protein association equi-
libria. We measured protein unfolding with differential scanning calorimetry
and analyzed the unfolding process in terms of the cooperative Zimm-Bragg
theory which appears to be well suited for a-helical proteins. As a model pro-
tein we chose human recombinant apolipoprotein A-I. Apo A-I self-association
and unfolding were investigated with isothermal titration calorimetry, differen-
tial scanning calorimetry, analytical ultracentrifugation, and circular dichroism
spectroscopy. A consistent quantitative interpretation of all experimental re-
sults could be given in terms of cooperative self-association and unfolding.
Self-association had a maximum at 21C with an association constant Ka =
5.6 x 105 M1. Unfolding occurred between 45C and 65C and was reversible
and independent of protein concentration up to 160 x 106 M. The midpoint of
unfolding was at 52-53C and the enthalpy of thermal unfolding was 420 kJ/
mol. The molar heat capacity increased by 5.1 kJ/molK upon unfolding corre-
sponding to a loss of 80 to 85 helical segments, as was confirmed by CD spec-
troscopy. The temperature dependence of the interrelated association and
unfolding equilibria was dominated by the large enthalpy of unfolding. Ther-
modynamic analysis predicted and experimental results confirmed that Apo
A-I unfolding and Apo A-I oligomer dissociation occurred simultaneously.
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Metal ions play important roles in many chemical and biochemical processes,
such as oxidation, oxygen transport, and electron transfer. The cellular traffick-
ing of metal ions is controlled by a group of low molecular weight (6-10 kDa),
cysteine-rich proteins (~30%) referred to as metallothioneins (MTs). X-ray
crystallography and NMR studies of fully cadmium-metallated human MTs re-
vealed two distinct metal-binding clusters: N-terminal b domain Cd3(Cys)9
(residue 1-30) and C-terminal a domain Cd4(Cys)11 (residue 31-61), with
metals tetrahedrally coordinated to the cysteinyl thiols. Although the structure
of Cd7MT was published 30 years ago; the structures of metal-free and
partially-metallated MTs are difficult to determine and the metal-binding
mechanism is still debated. To investigate how the metal binding influences
structure of human MT-2A, we performed titration experiments and the struc-
tural distribution was directly probed by using ion mobility-mass spectrometry
(IM-MS), IM-MS is used to measure the collision cross section (CCS), which is
a direct measure of ion size, for the mass-selected ion. MT-2A IM-MS studies
reveal a decreasing size for the ion as the extent of metallation increases. We
interpret this data as evidence that increasing numbers of metal ions yield
more compact ion structures. In some cases multiple conformers are observed
for some ions. Although a single CCS profile was observed for 5þ charge state
of apoMT (1050 A˚2), the CCS profile was broadened as the number of Cd2þion increased, which suggest a high degree of conformer diversity among the
ion population. For Cd4MT, two distinct populations (CCS of 980 and
890 A˚2) were obtained, whereas Cd7MT has two distinct populations at 750
and 890 A˚2. We are currently employing molecular dynamics simulations to
gain insight into the 3-D conformations of the various metallated protein
species.
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We hypothesize that few non-local interactions are effective in the early phases
of the folding transition prior to the cooperative transition. These interactions
loosely stabilize few closed loops which form the folding noncontiguous nu-
cleus, reduce the chain entropy and determine the course of the folding path-
way. This is ‘‘The loop hypothesis’’. In this prospect, we are examining the
dominance of either, local or non local interaction, during the early phases of
E. coli Adenylate kinase (AK) folding transition. We do this by combining
rapid mixing from unfolding to folding conditions and the use of time resolved
FRET spectroscopy. Using specific labeling of Donor and Acceptor FRET
pairs, we determine the distance distribution of segments’ ends in the protein
and follow their transition to native dimensions. We find that the distribution
of the distance between residues 18 and 203 right after mixing is a measure
of the dimensions of the ensemble of the collapsed backbone still disordered
under folding conditions as expected from the theory. In the case of the AK
molecule at least two closed loop structures (residues 28 to 71 and 2 to 24)
reach native end to end distance within the mixing time (5ms) long before
the formation of secondary structures and the overall folding. A representative
b-strand (residues 79 to 86) has non-native end to end distance during the first
15 ms and undergoes slow change (3 sec) to native distance. These results sup-
port the loop hypothesis. We thereby, conclude that non local interactions play
a major role in guiding the folding pathway towards productive routes at its
early phases.
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Protein folding is a spontaneous process under appropriate condition and results
in the formation of the native tertiary structure. However, disulfide-containing
proteins require a redox system to form the correct disulfide pairings. Glutathi-
one plays an important role in the formation of disulfide bonds in proteins in the
endoplasmic reticulum. Because of this, it is also widely used as a redox reagent
in the disulfide-coupled folding of proteins. However, the mechanism of the
disulfide-coupled folding of proteins by glutathione is not completely under-
stood. Therefore, to examine the glutathione mediated-folding of proteins con-
taining disulfide bonds, a series of glutathione derivatives, Glu-Cys-Arg (ECR)
and Arg-Cys-Gly (RCG) were prepared and their participation in protein fold-
ing was examined using lysozyme and prouroguanylin as model proteins.
The folding recovery of lysozyme using the oxidized and reduced forms of
RCG was higher than that of the typically used glutathione redox system, while
the results for ECR were similar to that of the glutathione redox system. Kinetic
analyses of the oxidative folding of prouroguanylin indicated that the folding
velocity using the RCG system was approximately 3 fold faster than that of
the glutathione system. Furthermore, folding experiments using only the oxi-
dized form of RCG revealed that prouroguanylin was converted into the native
conformation more efficiently by RCG, compared to glutathione. We therefore
conclude that the RCG system is superior to the glutathione system for protein
folding because of its ability to accelerate the disulfide exchange reaction and
its ability to mediate the formation of native disulfide bonds in proteins. In this
paper, we report on the use of the positively charged glutathione molecule in
disulfide-coupled protein folding, which results in an improved folding recov-
ery and permits the formation of the correct tertiary structure of the target
proteins.
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Circular permutations usually retain the native structure and function of a pro-
tein while perturbing its folding dynamics. By using simulations with a struc-
ture-based model and a state-of-the-art approach to determine free energy
